Physiological deadspace fraction of tidal volume (V D /V T ), arterial to end-tidal carbon dioxide tension differences [P( a-É )CO 2 ], arterial oxygen tension (P a O 2 ) and respiratory system compliance were studied in twenty patients with patent ductus ateriosus scheduled for multiple ligation and transfixation through posterolateral thoracotomy under general anaesthesia with controlled ventilation. The study period was divided into six stages: stage 1-supine posture under anaesthesia, stage 2-lateral posture before start of surgery, stage 3-after chest opening before lung manipulation, stage 4-after ductus ligation and lung re-expansion before chest closure, stage 5-lateral posture, chest closed, stage 6-supine stage before reversal.
Lateral thoractomy can lead to alteration in gas exchange 1, 2 . Part of this effect is because of the lateral position of the patient which results in the preferential distribution of inspired gas volume to the upper lung 3 , the effect being enhanced as the pleura is opened 4, 5 . There are conflicting reports regarding the increase in . V/Q . mismatch associated with opening of the pleura. Though Kerr and colleagues 6 were unable to find a change in V D /V T , Werner et al 2 found a decrease. Virtue and colleagues 7 observed an increase in ventilation perfusion mismatch on opening the chest. In addition to chest opening, retraction and compression of the exposed but still ventilated lung may have more important consequences for gas exchange and circulation than thoracotomy per se. Multiple ligation and transfixation, a commonly employed surgical procedure for patent ductus arteriosus (PDA) patients, is performed through a posterolateral thoracotomy. The aim of the present investigation was to study the changes in ventilatory and gas exchange variables produced during thoracotomy for this procedure.
MATERIALS AND METHODS
Following Ethics Committee approval, twenty patients with PDA for multiple ligation and transfixation were studied. Informed consent was obtained from each patient. None had severe pulmonary hypertension clinically or echocardiographically. No patient had overt heart failure or chest infection. They were premedicated with morphine 0.15 mg.kg -1 and promethazine 0.5 mg.kg -1 . Anaesthesia was induced with morphine 0.15 mg.kg -1 , pancuronium 0.12 mg.kg -1 , and a sleep dose of thiopentone sodium (3-5 mg.kg -1 ) given slowly. After intubation the patients' lungs were ventilated with an oxygen:nitrous oxide mixture of 35%:65% with a Siemens Elema Servo ventilator (Model 900B). A square-wave flow ventilatory pattern at a rate of around 15 bpm was used with an inspiration of 25% and a 10% inspiratory pause. A carbon dioxide analyser (Siemens Elema 930) which uses an infrared sensor was used to measure end-tidal carbon dioxide concentration (F É CO 2 ) and various expiratory carbon dioxide volumes. The infrared analyser was regularly calibrated according to the manufacturer's specifications. In addition a lung mechanics calculator (Siemens Elema 940) was used to measure airway pressure and compliance of the respiratory system (C rs ) 8 . Minute volume was adjusted at the start to keep F É CO 2 at 4.5% and thereafter was kept constant. A radial artery catheter was inserted after induction to permit withdrawal of arterial blood for blood gas analysis. The first arterial sample was taken in the supine posture before starting surgery but at least ten minutes after stable ventilation following endotracheal intubation (stage 1).
Parameters noted at the time of arterial sampling were end-tidal carbon dioxide concentration (F É CO 2 ), minute production of carbon dioxide ( . VCO 2 ), ineffective tidal volume (V T ineff), effective tidal volume (V T eff), effective minute ventilation (Veff), tidal production of carbon dioxide (V T CO 2 ), compliance of the respiratory system (C rs ) and inspiratory pause pressure (Paw). The V T eff is calculated by the CO 2 analyser by integrating the effective part of the expiratory flow which is defined as the flow in which the CO 2 concentration exceeds 5% of the F É CO 2 of the preceding breath, the rest being V T ineff.
. V and V T were calculated from . Veff, V T ineff and respiratory rate. Similar data was collected ten minutes after putting the patients in right lateral posture but before starting surgery (stage 2). Sampling was repeated at least five minutes after chest opening but before active lung retraction was applied for dissection of the PDA (stage 3). Similar data was collected after PDA ligation and reinflation of the exposed retracted lung before chest closure (stage 4), ten minutes after chest closure in the lateral posture (stage 5) and lastly ten minutes after putting patients in the supine posture (stage 6). Patients' blood pressure was lowered prior to PDA ligation by using a sodium nitroprusside (SNP) infusion and this was tapered off after ligation. Halothane was also used to control heart rate and blood pressure but was switched off after PDA ligation. None of the patients was on SNP or halothane at the time of sampling at the above mentioned predefined stages. Arterial blood gas samples were analysed with a Radiometer ABL2 within ten minutes of collection, during which period these were kept on ice. The values were corrected to patients' body temperature 9 . Values of F É CO 2 were corrected for variation of humidity at the site of measurement, presence of N 2 O and barometric pressure (P B ) 10 . All volumes were corrected for internal compliance of the tubings and temperature and humidity variation of the expired gases in the ventilator tubings 10 and these were presented at BTPS. Volumes relating to carbon dioxide were also corrected for rebreathing, analyzer delay and the factors used for correcting F É CO 2 . Deadspace to tidal volume ratio (V D /V T ) was calculated according to equation 11 V D /V T = (P a CO 2 -P -E CO 2 )/P a CO 2 where mixed expired carbon dioxide tension (P -E CO 2 ) was calculated from equation:
Statistical analysis of results was performed using Student's paired t test for paired observations at various stages while correlation among different variables and their changes at various stages was made using linear regression. Probability values below 0.05 were considered to indicate statistical significance.
RESULTS
Average age and weight of the patients were 16 years (SD 4.0) and 31 kg (SD 9) respectively. Twelve of the twenty patients were females.
Deadspace tidal volume ratio (V D /V T ) increased following attainment of lateral posture before surgery (P<0.01) ( Table 1 ). It fell significantly following opening of the chest but was still higher than that in the supine posture (P<0.05). V D /V T rose significantly at stage 4, i.e. following PDA ligation, immediately before chest closure (P<0.01). It fell significantly (P<0.05) after chest closure.
Though there were individual changes in arterial to end-tidal carbon dioxide difference [P (a-É) CO 2 ] at various stages of thoracotomy, the overall mean was not significantly different. There was no consistent correlation of changes in P (a-É) CO 2 with that in V D /V T .
Arterial oxygen tension (P a O 2 ) fell following change in posture from supine to lateral (Table 1) , the fall being significant after chest opening (P<0.05). P a O 2 was lowest immediately before chest closure (stage 4). It rose following chest closure as well as after the patient was returned to the supine position but was still significantly lower compared with stage 1 (P<0.05). There was neither any significant correlation of P a O 2 with V D /V T nor any significant correlation of change in P a O 2 at any stage with that of V D /V T . There was no consistent correlation of change in P a O 2 with change in P (a-É) CO 2 .
Respiratory system compliance (C rs ) increased significantly (P<0.01) following opening of the chest at stage 3. It fell significantly before chest closure at stage 4 (P<0.01) and continued to remain low at the subsequent stages 5 and 6 ( Table 1) .
DISCUSSION
Changing from the supine to the lateral posture is associated with increased ventilation and decreased carbon dioxide elimination from the upper lung, resulting in overall increase in V D /V T 1 . Further increase in V D /V T is expected after chest opening because of increased ventilation of the exposed lung. Werner et al 2 observed an increase in elimination of CO 2 from the upper lung following opening of the pleura, with an overall decrease in V D /V T . Our finding of increased V D /V T on attaining the lateral posture with subsequent fall after chest opening agrees with their results. Part of the decrease in V D /V T on chest opening may be because of the decrease in Paw with chest opening which will decrease airway deadspace 12 . We did not measure the subdivisions of V D phys, i.e. airway deadspace (V D aw) and alveolar deadspace (V D alv), as it requires plotting of a single breath test expiratory carbon dioxide graph 13 , which facility was not available to us. Increase in blood flow to the upper lung due to decreased Paw and decrease in vertical distance between the heart and the uppermost parts of the lung subsequent to chest opening will also decrease deadspace fraction 2 . As no surgical stimulation is present at stage 2, the start of surgery will also result in an increase in pulmonary artery pressure resulting in a decrease in V D /V T 1 at subsequent stages. The dependent airway closure due to decrease in functional residual capacity (FRC) on chest opening 14 may increase V D alv, but probably this is overcompensated by decrease in V D aw due to decreased Paw. These findings of decreased V D /V T conflict with those of Virtue et al 7 and Kerr et al 6 .
Increased V D /V T at stage 4 may be because of the effect of PDA ligation with decreased pulmonary blood flow. This may also be because of decreased perfusion of the re-expanded lung 15 . An increase in lung water following re-expansion of the lung [15] [16] [17] may also increase V D /V T by (1) affecting ventilation perfusion matching and hence increasing V D alv, and (2) by increase in V D aw because of increased airway pressure required to ventilate these stiff lungs. This is supported by the finding that though the C rs improved initially following chest opening, it fell following re-expansion of lung before chest closure ( Table 1) .
The fall in oxygenation following attainment of the lateral posture is due to the increased . V/Q . mismatch because of preferential ventilation of the nondependent lung and perfusion of the dependent lung 14, 15 . Decreased P a O 2 on opening of the chest is a result of the decrease in FRC with resultant dependent airway closure 14, 15 . Continued decrease at stage 4 may be due to the residual effect of lung manipulation during PDA dissection and ligation and probably due to an increase in pulmonary water content following re-expansion of partially atelectatic lung [16] [17] . This is supported by a fall in C rs at stage 4 and after. Though oxygenation improved following chest closure, it remained significantly low compared with the baseline, probably for the same reasons. Lack of correlation between changes in P a O 2 with changes in V D /V T support the contention that the primary effect of V D alv is to increase P a CO 2 with no effect on P a O 2 15 . It cannot be assumed that the lack of changes in P (a-É) CO 2 between stages implies that the efficiency of CO 2 elimination remains unchanged. A constant P (a-É) CO 2 may conceal variation in both the airway and alveolar deadspace 18 . An increase in V D alv is commonly accompanied by an increase in phase 3 slope of the expiratory CO 2 graph 13 ; P (a-É) CO 2 may consequently be unchanged, but this cannot be confirmed as the present study did not involve plotting of expired CO 2 graph.
Most of the previous studies on the effect of thoracotomy on gas exchange 1,2,6,7 have been done on patients with localized pulmonary lesions 5 involving the non-dependent lung and may affect the gas exchange locally per se in addition to the effect of surgical excision. Our lung model has no localized lung lesion, though some of the patients had mild pulmonary hypertension which may have affected gas exchange. The decrease in flow-dependent pulmonary artery pressure following PDA ligation may increase the V D alv by decreasing non-dependent lung perfusion as explained earlier.
In conclusion, deadspace/tidal volume ratio falls on opening of the chest and rises thereafter during thoracotomy for PDA ligation. It is difficult to draw any conclusion about intraoperative changes in the magnitude of the respiratory deadspace from observation of the changes in P (a-É) CO 2 . Arterial oxygen tension falls after chest opening, the fall being more prominent after PDA ligation and lung re-expansion before chest closure. The stage to be monitored carefully is that following re-expansion of lung when contrary to normal expectations, deadspace is higher and oxygenation and compliance are least.
